To examine the effect of vegetation type and grassland management regimen on the distribution of humus-degrading microorganisms, populations of humic acid-degrading (HAD) bacteria and fungi at three Andosol sites were investigated using the dilution plate method. Each site had three different vegetation types (Eulalia grassland, bamboo grassland, and coniferous plantations). Among the six grassland sites, two were maintained by burning and the others by cutting. HAD microorganisms were found in all soil samples. Low densities and small percentages of HAD bacteria were detected with no significant differences in the number of bacteria found between different vegetation types and grasslands managed in different ways. In contrast, the densities and percentages of HAD fungi differed according to vegetation type and management regimen. Specifically, the percentages of HAD fungi were significantly higher for burned grasslands. At burned sites, the numbers and percentages of HAD bacteria remained at a consistently low level, and no distinct seasonal changes were observed. In contrast, marked seasonal fluctuations in HAD fungi were detected. The percentages of these fungi remained relatively high between April and December. These fluctuations are likely due to the effects of burning on soil microorganisms.
Humic substances are the most abundant natural organic matter in terrestrial environments. They represent a major part of the organic soil carbon reserve, which is estimated to be about 3×10 12 tons worldwide 5) . Humic substances participate in the global carbon cycle and are regarded as being rather resistant to biological influences, owing to their peculiar molecular structure 28) ; however, they are known to be degraded by microorganisms. Therefore, studies of the mechanisms by which humic biotransformation take place, and the organisms responsible, are important for understanding terrestrial carbon dynamics.
Since the 1960s, a number of microbial isolates that degrade humic substances have been obtained 7, 17, 18, 20, 22, 23, 25, 26, 31) . The structural changes that occur during the transformation of these substances by microorganisms have also been investigated 4, 8, 17, 21, 23, 24) . However, no detailed study has been performed of the distribution and density of microorganisms capable of degrading humic substances in the environment. Soil microbial communities are affected by plant community composition and soil physicochemical properties, and the distribution and diversity of soil fungal microorganisms are both reportedly affected by vegetation 6) . Thus, we hypothesized that the effect of vegetation would also be observed for humus-degrading microorganisms. This information will be essential for developing a better understanding of humus biotransformation in various soil environments.
In Japan's humid climate, burning and/or cutting are necessary to maintain grasslands. Therefore, grasslands in Japan have been managed for a considerable period of time. It seems inevitable that these management practices would affect the soil environment and the microorganisms therein. The purpose of this study was to examine the effect of vegetation type and grassland management regimen on the distribution of humus-degrading microorganisms. We measured the density of microbes that degrade humic substances in Andosols, which are mainly formed by pyroclastic deposits and are widely distributed in Japan. We also measured seasonal changes in the density of microbes in soil from eulalia grassland to confirm any fluctuation. We used the decolorization of humic acid as an indicator of the ability to degrade humus.
Materials and Methods

Soil samples
The study sites were three Andosol sites in western Japan (Table  1) : Mt. Gyosei, Kanzaki, Hyogo prefecture (GS); Soni Highlands, Uda, Nara prefecture (SN); and Tonomine Highlands, Kanzaki, Hyogo prefecture (TM). Each site had three different vegetation types in adjacent locations: bamboo grassland (Gb), eulalia grassland (Ge), and coniferous plantations (F). All the Gb sites and GSGe were maintained by cutting; TM-Ge and SN-Ge were maintained by annual burning between the end of March and early April. Soil samples were taken from each of the vegetation types at each site in late October or early November of 2004. The samples for examining seasonal changes were taken from TM-Ge, which showed the highest percentage of fungi capable of degrading humic acid in the first experiment and was accessible to investigate once a month from April (on the day before burning) to December in 2005.
Undisturbed soil core samples were collected using a stainless steel core sampler (100 mL). For soil samples at a depth of 0-2 cm, core samples were sliced off using a stainless steel knife just before they were studied. A general description of soil properties is given in Table 1 .
Humic acid
The humic acid used in this study was prepared from a buried humus horizon of Andosol (50-80 cm, Mt. Oginosen, Yazu, Tottori prefecture, Japan). Sequential extraction of the humic acid using a pyrophosphate solution (pH 5.0) was carried out according to the method of Fujitake et al. 12) .
Microbial counts
A modified dilution plate technique 2,3) was used for counting bacteria and fungi. A primary suspension was prepared by suspending 10 g of soil in 90 mL of sterile agar water (1 g L −1 ) in a flask. This primary suspension was stirred for 15 min with a magnetic stirrer. A series of dilutions was prepared from this primary suspension. 
Results
The values of pH, total carbon contents, and total nitrogen content are shown in Table 1 . The pH ranged from 4.09 to 5.54. The values for SN-Ge and TM-Ge were higher than those of the other samples. The total carbon content ranged from 108.8 g kg −1 for TM-Ge to 224.6 g kg −1 for GS-Ge. The total nitrogen content ranged from 5.5 g kg −1 for TM-Ge to 15.3 g kg −1 for GS-Ge. The microbial and fungal density data for nine Andosol samples are shown in Table 2 . The density of total bacteria varied, ranging from 38.9 to 184.2×10 6 cfu g −1 soil. The density of HAD bacteria was about two orders of magnitude less than that of total bacteria, ranging from 0.1×10 6 cfu g −1 soil for SN-Gb to 2.8×10 6 cfu g −1 soil for SN-Ge. There seemed to be no clear relationship between the density of either total bacteria or HAD bacteria and vegetation type.
The total fungal density also varied, ranging from 77.8 to 217.3×10 4 cfu g −1 soil. The HAD fungal density ranged from 1.9×10
4 cfu g −1 soil at SN-Gb to 14.9×10 4 cfu g −1 soil at SNGe. These values are lower than those for bacteria, and are about one order of magnitude less than the total fungal density values. SN-Ge and TM-Ge, which were burned annually, had significantly higher values for HAD fungal density than the other soil samples. No significant differences in HAD fungal density were found among the other soil samples.
The percentages of total bacteria or fungi that were able to degrade humic acid (i.e. (DCFU/CFU)×100) at each site are also shown in Table 2 . The percentages of HAD bacteria were rather low, and there were no significant differences between sites. There were greater percentages of HAD fungi than bacteria, with values ranging from 2.4 to 12.5%. Notably, the percentages of HAD fungi were significantly higher values for SN-Ge and TM-Ge than for the other sites (11.4% and 12.5%, respectively).
Seasonal changes in the densities of total and HAD bacteria and fungi, and in the percentages of HAD bacteria and fungi at the eulalia grassland in the Tonomine Highlands are shown in Fig. 2 . There were large fluctuations in total bacterial density, with peaks in both late April and late June, following a sharp decline, but the fluctuations were small from August to December. The HAD bacterial density was consistently low throughout the sampling period, ranging from 0.4 to 7.7×10 6 cfu g −1 soil. The percentage of HAD bacteria ranged from 0.6 to 5.3%, with no significant seasonal changes. Seasonal changes in the density of total fungi and 
d T-C (total carbon content) and e T-N (total nitrogen content) were determined using a Perkin Elmer 240-C elemental analyzer (Perkin Elmer Japan Co., Ltd.). HAD fungi, and in the percentage of HAD fungi at the eulalia grassland in the Tonomine Highlands are shown in Fig.  2b . The total fungal density gradually declined from late April to the middle of July, and then experienced a sharp peak in August. After November, there was a gradual increase in total fungal density, which again reached the level found in April. The density of HAD fungi ranged from 4.5 to 26.1×10 4 cfu g −1 soil, with a small peak in May, then a gradual decline until July, and an increase thereafter. After August, the density of HAD fungi remained relatively constant. The percentages of HAD fungi were low in early April, but increased beginning late April then peaked (41.4%) in May, with a decrease thereafter. They were then relatively constant from July to December. Except in early April, percentages of HAD fungi were higher than percentages of HAD bacteria in the corresponding month.
Discussion
Microorganisms that degrade humic acid were found in all soil samples collected in this study, suggesting that HAD microorganisms are widely distributed in surface soils in Andosols. The humic acid used in this study was extracted from buried Andosol by sequential extraction with pyrophosphate solution at pH 5, the same method as used in the report of Fujitake et al. [12] [13] [14] . According to Fujitake et al. 14) , this humic acid has a high aromatic rate. Yanagi et al. 32) reported that humic acids with higher aromaticity have greater resistance to decolorization by a particular fungus. Therefore, it is likely that the humic acid used in our study is somewhat resistant to decolorization by some microbes. It is well recognized that estimates of microbe density obtained using the same dilution plate technique as used in this study are lower than values obtained using the direct count and fumigation methods. Thus, it is possible that much larger numbers of HAD microbes exist in the soil than was estimated in this study.
Low densities of HAD bacteria were detected at every site and for each vegetation type, and the overall percentages of bacteria able to degrade humic acid were low. In contrast to the bacteria, the densities of HAD fungi differed among the nine soil samples. There was no obvious relationship between these density values and total fungal density or vegetation type. However, a greater percentage of fungi were able to degrade humic acid in coniferous plantations than in grassland, except for SN-Ge and TM-Ge. According to Christensen 6) , the dominant fungal species in grassland soil are different from those in forest soil, and the species composition of soil microfungal communities is clearly correlated with compositional variance in the vegetation cover. Several basidiomycetes, which are able to degrade lignin that is humic-like, have been found to degrade humic acid. These fungi produce lignin-degradation enzymes including ligninperoxidase, manganese-peroxidase, and laccase, which are thought to be involved in humic acid degradation 4, 8, 19, 27, 33) . Many of these lignin-degrading fungi may exist in forest soil rather than grassland soil. At the eulalia grasslands at SN and TM, which had higher percentages of HAD fungi than the coniferous plantations, annual burning is carried out in early spring to maintain the eulalia vegetation. At the eulalia grassland at GS, on the other hand, burning was previously applied, but unscheduled cutting is now used. The percentages of HAD fungi at GS-Ge were similar to those at the bamboo grasslands, which were also maintained by cutting, and considerably lower than values for SN-Ge and TM-Ge. Although Christensen 6) concluded that ecologically similar but taxonomically different vegetation can support similar fungi, our data revealed that differences exist between the eulalia grasslands. Our results suggest that the grassland management regimen influences the proportion of fungi present that degrade humic acid, and that burning results in an increase in the proportion of HAD fungi. Ahlgren 1) suggested that the composition of fungal communities in the soil under burned land might be expected to differ from that in the soil under unburned land because of the heterogeneous nature of the habitat requirements of these organisms. The heat and ash produced by burning can both modify the soil properties. An increase in soil pH is frequently observed after a fire 11, 29, 30) . Fernandez et al. 9, 10) found that carbon content was reduced under pine forests after a wildfire. Our data are in agreement with these observations, with the pH values and total C content of our soil samples from the burned sites (SN-Ge, TM-Ge) being higher and lower, respectively, than those from the unburned sites (Table 1) . Fire also influences the quality of the soil organic matter. At a Eulalia grassland that was managed by annual burning, Golchin et al. 15) found that soil organic matter and the humic acid fraction contained a greater proportion of aromatic and carbonyl carbons relative to an unburned site or a site that had been burned in the past. Gonzales-Perez et al. 16) noted that the impact of fire causes organic matter to become "pyromorphic humus", which is characterized by rearranged macromolecular substances with weak colloidal properties and enhanced resistance against chemical and biological degradation. We consider that these changes in soil properties caused the changes in fungal flora at the burned eulalia grasslands in the present study. In particular, since the humic substances are likely to become more biologically stable at these locations, the number of fungi that are able to degrade this refractory organic matter might also increase. However, the reason why no differences in bacterial counts were observed between the burned and unburned soil is not clear.
Despite large fluctuations between sites in total bacterial density, no marked seasonal variations in the density or percentage of humic acid degraders were observed at TM-Ge, and these values were constantly low throughout the sampling period. It thus seems that bacteria that degrade humic acid generally exist at a low level in eulalia grassland soils regardless of the season or the grassland management regimen. In contrast to bacteria, large fluctuations were detected in not only the total fungal density but also the density and percentage of HAD fungi. After burning, the amount of easily degradable organic matter available could decrease due to combustion of the eulalia vegetation by fire. We thus infer that the decrease in total fungal density up to July is related to a reduction in the degradation of easily degradable organic matter because of a decrease in the availability of this organic matter. In contrast, the amount of charcoal, including refractory organic matter, increases with burning. Therefore, the density of fungi that degrade humic acid, which are probably able to degrade these substances, might increase after burning. However, the changes in HAD fungi described above also may be influenced by temperature or rainfall because seasonal changes were not detected at burned sites in this study. We observed that the proportion of HAD fungi reached nearly 50% of all the fungi in May. Although the percentage then decreased until July, it was maintained at a relatively high level. Since these values were comparable to those measured in the fall of 2004, it seems that HAD fungi always comprise a large proportion of all the fungi in the burned eulalia grassland of the Tonomine Highlands.
